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(57) ABSTRACT 

A polygonal scanner of the present invention includes a 
rotary body including a ceramic rotary sleeve and a metallic 
cylindrical member shrinkage-?tted on the rotary sleeve. 
The cylindrical member is formed With mirror surfaces 
constituting a polygonal mirror. A dynamic pressure, air 
bearing supports the rotary body. The mirror surfaces over 
lap the rotary sleeve in the axial direction of the rotary 
sleeve. Ahole greater in diameter than the dynamic pressure, 
air bearing is formed in the top Wall of the cylindrical 
member. The cylindrical member includes a stress removing 
portion positioned betWeen the mirror surfaces and the 
rotary sleeve for removing a stress ascribable to shrinkage 
?tting. 
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DYNAMIC PRESSURE, AIR BEARING TYPE 
POLYGONAL SCANNER AND METHOD OF 

PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a dynamic pres 
sure, air bearing type polygonal scanner rotatable at high 
speed in a hermetically closed space and a method of 
producing the same. 

[0003] 2. Description of the Background Art 

[0004] Today, a digital copier, laser printer or similar 
electrophotographic recording apparatus With laser optics is 
extensively used because of high image quality, high-speed 
printing and loW noise as Well as cost reduction. The laser 
optics includes a polygonal scanner. The prerequisite With 
the polygonal scanner is that it can rotate at a speed 
matching With the printing speed and pixel density of the 
recording apparatus. 

[0005] More speci?cally, the polygonal scanner is 
required to rotate at a speed as high as 20,000 rpm (revo 
lutions per minute) to meet the increasing demand for 
high-speed printing and high pixel density. Such high-speed 
rotation is not practical With a traditional ball bearing type 
polygonal scanner because of limited service life and noise 
particular thereto. A dynamic pressure, air bearing type 
polygonal mirror is a substitute for the ball bearing type 
polygonal scanner and con?gured to meet the above 
demand. 

[0006] Japanese Patent Laid-Open Publication No. 
7-190047, for example, proposes a high-speed rotary body 
for a dynamic pressure, air bearing. The rotary body is 
con?gured to maintain a preselected rotation speed from the 
beginning of rotation and preserve high rotation accuracy up 
to ambient temperature for use. Speci?cally, the rotary body 
includes a stationary ceramic shaft and a ceramic sleeve 
constituting a dynamic pressure, air bearing together With 
the shaft. The sleeve has uniform thickness in the radial 
direction thereof. A metallic, holloW cylindrical member is 
shrinkage-?tted on the outer periphery of the sleeve and has 
a greater coef?cient of linear expansion than the sleeve. 
After the cylindrical member has been shrinkage-?tted on 
the sleeve, the inner periphery of the sleeve is machined in 
a hand-drum shape. 

[0007] A centrifugal stress acts on the sleeve in the radial 
direction due to the rotation speed of the rotary body. In 
addition, a compression stress acts on the sleeve due to the 
shrinkage-?tting although it is reduced by thermal expansion 
due to friction. The hand-drum shape of the sleeve is so 
determined as to maintain a gap betWeen the stationary shaft 
and the sleeve uniform in accordance With the above 
stresses. 

[0008] The high-speed rotary body described above has 
the folloWing problems left unsolved. When a polygonal 
mirror With ?nished mirror surfaces is press-?tted on the 
sleeve, the mirror surfaces are distorted due to the compres 
sion stress. The distortion degrades the ?atness of each 
mirror surface. Even if the mirror surfaces are machined 
after the shrinkage-?tting, temperature elevation of the 
rotary body during high-speed rotation cancels the compres 
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sion stress because the sleeve has a smaller coef?cient of 
linear expansion than the cylindrical member. As a result, 
the mirror surfaces are again distorted, bringing about the 
same problem. 

[0009] In light of the above, the polygonal mirror may be 
positioned at a higher level than the top of the sleeve in the 
axial direction, so that the compression stress ascribable to 
the shrinkage-?tting does Will not be transferred to the 
mirror surfaces. This, hoWever, makes it impossible to locate 
the polygonal mirror at a loWer level than the top of the 
sleeve and thereby limits the position of the mirror in the 
axial direction in the optical layout of laser optics. 

[0010] Another problem With the high-speed rotary body 
is that machining oil remains betWeen the sleeve and the 
cylindrical member. The machining oil ?oWs out during 
rotation and smears the polygonal mirror, a piece of glass 
and other optical parts. 

[0011] The rotary body may have its center of gravity 
located at the center of the dynamic pressure bearing in the 
axial direction in order to reduce the unbalanced oscillation 
of the rotary body. In this case, hoWever, When the polygonal 
mirror is positioned at a higher level than the top of the 
sleeve, the center of gravity of the rotary body concentrates 
on the top of the sleeve. 

SUMMARY OF THE INVENTION 

[0012] It is an object of the present invention to provide a 
dynamic pressure, air bearing type polygonal mirror capable 
of solving the problems discussed above, and a method of 
producing the same. 

[0013] A polygonal scanner of the present invention 
includes a rotary body including a ceramic rotary sleeve and 
a metallic cylindrical member shrinkage-?tted on the rotary 
sleeve. The cylindrical member is formed With mirror sur 
faces constituting a polygonal mirror. A dynamic pressure, 
air bearing supports the rotary body. The mirror surfaces 
overlap the rotary sleeve in the axial direction of the rotary 
sleeve. Ahole greater in diameter than the dynamic pressure, 
air bearing is formed in the top Wall of the cylindrical 
member. The cylindrical member includes a stress removing 
portion positioned betWeen the mirror surfaces and the 
rotary sleeve for removing a stress ascribable to shrinkage 
?tting. 

[0014] A method of producing the above polygonal scan 
ner is also disclosed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The above and other objects, features and advan 
tages of the present invention Will become more apparent 
from the folloWing detailed description taken With the 
accompanying draWings in Which: 

[0016] FIG. 1 is a section shoWing a ?rst embodiment of 
the dynamic pressure, air bearing type polygonal scanner in 
accordance With the present invention; 

[0017] FIG. 2 is a plan vieW shoWing the illustrative 
embodiment With a cover removed; 

[0018] FIG. 3 is an exploded perspective vieW shoWing a 
rotary body included in the illustrative embodiment; 
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[0019] FIG. 4 is a section showing a second embodiment 
of the present invention; 

[0020] FIG. 5 is an exploded perspective vieW shoWing a 
rotary body included in the second embodiment; 

[0021] FIG. 6 demonstrates hoW a reference surface is 
machined in the second embodiment; 

[0022] FIG. 7 shoWs hoW a rotary sleeve, mirrors and an 
annular groove overlap each other in the second embodi 
ment; 

[0023] FIG. 8 is a section shoWing a third embodiment of 
the present invention; 

[0024] FIG. 9 is a fragmentary enlarged section shoWing 
the third embodiment; 

[0025] FIG. 10 is a fragmentary enlarged section shoWing 
a fourth embodiment of the present invention; and 

[0026] FIG. 11 is a fragmentary enlarged vieW shoWing a 
?fth embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0027] Preferred embodiments of the dynamic pressure, 
air bearing type polygonal scanner in accordance With the 
present invention Will be described hereinafter. 

First Embodiment 

[0028] Referring to FIGS. 1 through 3, a dynamic pres 
sure, air bearing type polygonal scanner embodying the 
present invention is shoWn. As shoWn, the polygonal scanner 
includes a housing 1 having an upper surface and a loWer 
surface. The upper surface constitutes a reference surface 1a 
for mounting the housing 1 to an optics housing not shoWn. 
Abearing mount portion 1b eXtends upWard from the upper 
surface of the housing 1. A holloW cylindrical shaft 2 is 
af?Xed to the bearing mount portion 1b, constituting a 
dynamic pressure air bearing. Grooves 2a are formed in the 
outer periphery of the shaft 2. A rotary body 3 is coupled 
over the shaft 2. 

[0029] When the rotary body 3 starts rotating, air pressure 
in a bearing gap betWeen the shaft 2 and a rotary sleeve 15 
rises. The shaft 2 therefore supports the rotary body 3 in the 
radial direction Without contacting it. A suction type mag 
netic bearing includes an affixing portion 5 affixed to the 
inner periphery of the shaft 2. More speci?cally, a cap 
member 6 and a stop 7 are press-?tted in the bore of the shaft 
2 in order to af?X the affixing portion 5 therebetWeen in the 
aXial direction of the shaft 2. 

[0030] Holes Whose diameter is as small as 0.2 mm to 0.5 
mm are formed in the center portion of the cap member 6. 
Using viscous drag derived from the How of air, the holes 
attenuate the oscillation of the cap member 6 in the up-and 
doWn direction. The cap member 6 and stop 7 both are 
formed of stainless steel or similar nonmagnetic material. 

[0031] The af?Xing portion 5 includes an annular perma 
nent magnet 8, a ?rst ?at stationary yoke 9, and a second ?at 
stationary yoke 10. The annular permanent magnet 8 is 
magnetiZed to tWo polarities in the direction of the aXis of 
rotation. The ?rst stationary yoke 9 is formed of a ferro 
magnetic material and formed With a center hole smaller in 

Sep. 19, 2002 

diameter than the hole of the permanent magnet 8. The 
second stationary yoke 10 is also formed of a ferromagnetic 
material and is formed With a center hole smaller in diameter 
than the hole of the permanent magnet 8. 

[0032] The tWo yokes 9 and 10 sandWich the permanent 
magnet 8 in the aXial direction With their center holes 
aligning With each other in the direction of aXis of rotation. 
The permanent magnet 8 is mainly formed of a rare earth 
material. The yokes 9 and 10 are formed of steel. The 
stationary shaft 2 is formed of ceramics, aluminum alloy or 
similar nonmagnetic material. 

[0033] A printed circuit board 11 is formed With a hole 
substantially at its center and mounted on the upper surface 
of the housing 1. The printed circuit board 11, a spacer 12 
and a stator core 13 With motor Windings 13a are sequen 
tially coupled over the bearing mount portion 1b of the 
housing 1 in this order. The top of the bearing mount portion 
1b is plastically deformed to ?X the three members 11, 12 
and 13 in place. 

[0034] Rotor magnets 14 are mounted on the rotary body 
3. The rotor magnets 14 and stator core 13 With the motor 
Windings 13 face each other in the direction perpendicular to 
the aXis of rotation, constituting a radial gap, outer rotor type 
brushless motor. 

[0035] The rotary sleeve 15 is formed of ceramics. The 
rotary body 3 includes a holloW cylindrical member 16 
formed of metal Whose major component is aluminum. The 
cylindrical member 16 is shrinkage-?tted on the outer 
periphery of the sleeve 15. A polygonal mirror portion 16a 
is formed integrally With the cylindrical member 16. The 
rotor magnets 14 are adhered to or press-?tted on the loWer 
portion of the cylindrical member 16. The top Wall of the 
cylindrical member 16 is formed With a hole greater in 
diameter than the diameter of the dynamic pressure bearing. 

[0036] The sleeve 15 and cylindrical member 16 are 
produced by four consecutive steps, i.e., a ?rst step of 
shrinkage-?tting the cylindrical member 16 on the sleeve 15, 
a second step of machining the inner periphery of the sleeve 
15, a third step of machining the reference surface of the 
cylindrical member 16 for forming mirror surfaces, and a 
fourth step of ?nishing the mirror surfaces. 

[0037] More speci?cally, in the ?rst step, When the cylin 
drical member 16 is shrinkage-?tted on the sleeve 15, the 
inner periphery of the sleeve 15 eXpected to play the role of 
a dynamic pressure, air bearing surface deforms. In the 
second step, the inner periphery of the sleeve 15 is machined 
to correct the deformed inner diameter. At this instant, the 
hole of the cylindrical member 16 greater in diameter than 
the diameter of the dynamic pressure bearing alloWs a tool 
to be easily passed therethrough, facilitating the above 
correction. 

[0038] In the third step, the cylindrical member 16 is 
formed With the reference surface for forming mirror sur 
faces. As shoWn in FIG. 6, a jig or tapered rod 22 is also 
passed through the hole of the cylindrical member to thereby 
?X the sleeve 15 in place. In this condition, the cylindrical 
member 16 can be easily machined to form the reference 
surface. In FIG. 6, the reference numeral 23 designates a 
machining tool. 

[0039] In the fourth step, the cylindrical member 16 
af?Xed to the sleeve 15 is ?Xed in place at its reference 
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surface. The cylindrical member 16 is then machined to 
form mirror surfaces. Consequently, the mirror surfaces are 
accurately formed at an accurate angle With respect to the 
aXis of the sleeve 15. 

[0040] FIG. 7 shoWs hoW the sleeve 15, mirror surfaces 
16a and an annular groove 16b overlap each other in the 
aXial direction of the sleeve 16. As shoWn, the annular 
groove 16b is formed in the cylindrical member 16 concen 
trically With the inscribed circle of the mirror surfaces 16a. 
The annular groove 16b overlaps the mirror surfaces 16a 
and sleeve 15 in the aXial direction of the sleeve 15 (up 
and-doWn direction in FIG. 7). 

[0041] The sleeve 15 formed of ceramics has a smaller 
coef?cient of linear expansion than the cylindrical member 
16. Therefore, When the rotary body 3 is heated due to 
high-speed rotation, a compression stress ascribable to 
shrinkage-?t is reduced With the result that the outer periph 
ery of the cylindrical member 16 slightly deforms. At this 
instant, the annular groove 16b, Which overlaps the mirror 
surfaces 16a and sleeve 15 in the aXial direction, prevents 
the above compression stress from being imparted to the 
mirror surfaces 16a. The mirror surfaces 16a are therefore 
free from distortion that Would degrade the ?atness of the 
mirror surfaces 16a. 

[0042] A closure member 17 is press-?tted in the hole, 
labeled 16c in FIG. 7, formed in the top of the cylindrical 
member 16. The closure member 17 has substantially the 
same coef?cient of linear eXpansion as the cylindrical mem 
ber 16. A rotary portion 18 included in the suction type 
magnetic bearing is mounted on the closure member 17. The 
rotary portion 18 has an outer cylindrical surface forming a 
magnetic gap betWeen it and the center holes of the ?rst and 
second stationary yokes 9 and 10. The outer cylindrical 
surface is coaXial With the center of rotation of the rotary 
portion 18. The rotary portion 18 is implemented as a 
permanent magnet or is formed of a ferromagnetic material 
Whose major component is steel. 

[0043] When the rotary member 3 and stationary shaft 2 
are assembled together, the closure member 17 press-?tted 
in the hole of the cylindrical member 16 forms a substan 
tially hermetically closed space 3a betWeen the top of the 
shaft 2 and the rotary member 3. When air inside the space 
3a ?oWs through the ?ne holes of the cap member 6, the 
resulting viscous drag attenuates the up-and-doWn oscilla 
tion of the cap member 6, as stated earlier. 

[0044] The top of the cylindrical member 16 is positioned 
at a higher level than the top of the sleeve 15. The hole of 
the cylindrical member 16, inclusive of the portion above the 
sleeve 15, has a diameter equal to or greater than the outside 
diameter of the sleeve 15. Machining oil therefore does not 
remain betWeen the cylindrical member 16 and the sleeve 15 
or does not How out during rotation. The hole of the 
cylindrical portion 16 may have a diameter equal to the 
outside diameter of the sleeve 15, i.e., the shrinkage-?t 
diameter in order to facilitate siZe control including parts 
tests. 

[0045] Even When temperature varies, the closure member 
17 having substantially the same coef?cient of linear eXpan 
sion as the cylindrical member 16 eXpands or contracts in the 
same manner as the cylindrical member 16. This prevents 
the portions of the closure member 17 and cylindrical 
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member 16 connected together from loosening; otherWise, 
the rotary body 3 Would be brought out of balance due to 
temperature variation and Would thereby amplify the oscil 
lation. 

[0046] The annular groove 16b of the cylindrical member 
16 is used to correct the unbalance of the rotary body 3. 
More speci?cally, the groove or upper correction surface 
16b and a loWer correction surface 14a positioned on the 
rotary body 3 reduce unbalanced oscillation to an extremely 
loW level. The groove 16b therefore makes it needless to 
form an eXclusive groove for balance correction. 

[0047] A cover 19 is positioned above the housing 1 and 
printed circuit board 11 in such a manner as to surround the 
rotary body 3 and is fastened to the housing 1 by screWs. A 
hole 19a is formed in the cover 19 for emitting a laser beam 
to the outside. Apiece of glass 20 is adhered to the edges of 
the hole 19a by a tWo-sided adhesive tape or adhesive. An 
elastic seal member 21 is compressed betWeen the cover 19 
and the printed circuit board 11, hermetically isolating the 
space accommodating the rotary member 3 from the outside. 

[0048] More speci?cally, as shoWn in FIG. 2, the elastic 
seal member 21 may be positioned in an annular portion 116 
included in the printed circuit board 11 and Where circuit 
elements are not mounted, implementing further hermetic 
closing the above space. Because the rotary body 3 is 
con?ned in such a space, the polygonal mirror agitates a 
minimum amount of air and therefore reduces a loss ascrib 
able to air streams. This successfully reduces current to How 
through a driving device, not shoWn, for thereby saving 
poWer. In addition, hissing sound ascribable to the rotation 
of the polygonal mirror is con?ned in the hermetic space, 
loWering the noise level. 

[0049] A drive circuit is arranged on the printed circuit 
board 11 and patterned together With the motor Windings 
13a and Hall elements 11a. The drive circuit sequentially 
sWitches current to the motor Winding 13a in accordance 
With the outputs of the Hall elements 11a responsive to the 
positions of the rotary body 3, thereby causing the rotary 
body 3 to rotate at a constant speed. The printed circuit board 
11 is a one-sided metallic circuit board. Drive elements 11b 
and other circuit elements 11c and 11d, as Well as the Hall 
elements 1a, are mounted on the surface of the printed 
circuit board 11 facing the rotor magnets 14. The reverse 
surface of the circuit board 11 is af?Xed to the housing 1, 
Which is formed of an aluminum alloy. 

[0050] The above con?guration increases the thermal 
capacity of the circuit elements against heating of, e.g., the 
drive elements 11b and thereby enhances ef?cient heat 
radiation. Therefore, use can be made of small siZe, loW cost 
circuit elements. Further, the one-sided circuit board 11 does 
not need through-holes and is therefore loW cost. 

[0051] The circuit elements including the drive elements 
lib are also con?ned in the hermetically closed space in 
Which the rotary body 3 is positioned. The rotary body 3 in 
rotation agitates air inside the space for thereby substantially 
leveling temperature inside the space. This scatters and 
radiates heat output from the circuit elements. It folloWs that 
the circuit elements are protected from temperature eleva 
tion and operable With reliability. 

[0052] Part of the printed circuit board 11 protrudes to the 
outside from the position Where the housing 1 and cover 19 
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join each other. A connector 11a' is mounted on the protrud 
ing part of the circuit board 11 for inputting and outputting 
signals and feeding poWer. The connector 11a' is positioned 
at a higher level than the reference surface of the housing 1, 
so that a harness can be mounted even after the polygonal 
scanner. In addition, the harness can be easily inserted from 
above. 

[0053] As stated above, the illustrative embodiment is 
constructed integrally inclusive of the cover 19 and therefore 
small siZe and compact. In addition, the illustrative embodi 
ment is free from irregular rotation and noise despite high 
speed rotation and facilitates tests. 

[0054] Further, the hermetically closed polygonal scanner 
is mounted on the optics housing implemented as an alu 
minum die-casting and including a surface closely contact 
ing the reference surface of the housing 1. In this condition, 
there is guaranteed a heat radiation path extending from the 
printed circuit board 11 to the optics housing via the housing 
1. It folloWs that the drive elements 11b and other circuit 
elements are heated little, insuring reliable operation. 

Second Embodiment 

[0055] Reference Will be made to FIGS. 4 and 5 for 
describing an alternative embodiment of the present inven 
tion. This embodiment is identical With the ?rst embodiment 
eXcept for the con?guration of the rotary body 30. Identical 
structural elements are designated by identical reference 
numerals and Will not be described in order to avoid redun 
dancy. As shoWn, an annular groove 30b is formed in a 
cylindrical member 30 and differs from the annular groove 
16b in that it has a generally V-shaped cross-section. The 
V-shaped groove 30b is easier to form than the groove 16b. 
Further, a closure member 31 having a ?at disk-like con 
?guration is substituted for the closure member 17. The 
closure member 31 can be easily formed by pressing at loW 
cost by using, e.g., an aluminum alloy. 

Third Embodiment 

[0056] A third embodiment of the present invention Will 
be described With reference to FIGS. 8 and 9 hereinafter. In 
FIGS. 8 and 9, structural elements identical With the 
structural elements of the previous embodiments are desig 
nated by identical reference numerals and Will not be 
described speci?cally in order to avoid redundancy. As 
shoWn, a closure member 17a is affixed to the top of the 
cylindrical member 16, closing the top opening of the sleeve 
15. For eXample, the closure member 17a may be press 
?tted in the top opening of the cylindrical member 16. 
Alternatively, the closure member 17a may be adhered only 
to the surface of the protruding portion of the cylindrical 
member 16 that is perpendicular to the mirror surfaces 16a. 
Further, the closure member 17a and cylindrical member 16 
may be connected together by threaded engagement. The 
illustrative embodiment uses press-?tting, as Will be 
described hereinafter. 

[0057] As shoWn in FIG. 9, the closure member 17a is 
press-?tted on a portion 16b protruding from the cylindrical 
member 16. This con?guration protects the press-?tted 
portion from breakage or deterioration ascribable to a dif 
ference in thermal expansion. So long as the closure member 
17a and cylindrical member 16 are formed of the same 
material, press-?tting or shrinkage-?tting prevents the af?X 
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ing force from decreasing even at high temperature, insuring 
the balance of the rotary body 3. This advantage is achiev 
able even When the closure member 17a and cylindrical 
member 16 are formed of different materials, only if an 
adequate shrinkage-?t margin is selected on the basis of the 
upper temperature limit usable. 

[0058] The rotary magnet 14, sleeve 15, cylindrical mem 
ber 16 and rotary portion 18 are also af?Xed by press-?tting 
or shrinkage-?tting. Subsequently, the mirror surfaces 16a 
of the cylindrical member 16 are ?nished, completing the 
rotary body 3. If desired, the closure member 17a may be 
formed With a hole communicating the inside of the sleeve 
15 to the outside. Such a hole alloWs a cleaning liquid to 
ef?ciently circulate in the rotary body 3 after the mirror 
surfaces 16 have been formed. Of course, the constituents of 
the rotary body 3 each are formed of a material resistive to 
machining oil and cleaning liquid during the ?nishing of the 
mirror surfaces 16a. Particularly, plastics other than metal 
(rotor magnets) should preferably use an epoXy or a nylon 
binder or should preferably be plated or otherWise treated. 

[0059] The mirror surfaces 16a are accurately ?nished by 
using the aXis of the sleeve 15 or the end face 16c of the 
cylindrical member 16 as a reference. When the end face 16c 
is used as a reference, it is necessary to accurately control the 
de?ection of the end face 16c to 5 pm or less With respect 
to the aXis of the sleeve 15. The cylindrical member 16 has 
an outside diameter 16d slightly smaller than the inscribed 
circle of the mirrors 16a, so that a machining tool can reach 
the mirrors 16a Without hitting against the outside diameter 
16d. 

[0060] In the illustrative embodiment, even When stresses 
ascribable to the press-?tting of various parts act on the 
mirror surfaces 16a, the mirror surfaces 16a are ?nished 
later and therefore achieve high accuracy. 

[0061] The stress ascribable to the press-?tting of the 
closure member 17a on the portion 16b of the cylindrical 
member 16 effects the mirror surfaces 16a more than the 
other stresses, because such a press-?tting portion is close to 
the mirror surfaces 16a. More speci?cally, When the closure 
member 17a is press-?tted on the portion 16b, a stress acts 
toWard the aXis of the cylindrical member 16 and causes the 
mirror surfaces 16a to be distorted in a concave shape. 
Although the distortion is as small as several hundred 
nanometers, it effects a printed image and is particularly 
critical When resolution is as high as 600 dpi (dots per inch) 
or above. By minimiZing the in?uence of the press-?tting of 
the closure member 17a on the cylindrical member 16, it is 
possible to guarantee the accuracy of the mirror surfaces 
16a. 

[0062] More speci?cally, to minimiZe the in?uence of 
press-?tting, the cylindrical member 16 and closure member 
17a both are formed of an aluminum alloy. The press-?tting 
portion is provided With a diameter betWeen the inside 
diameter (bearing diameter) of the sleeve 15 and the diam 
eter of the inscribed circle of the mirror surfaces 16a. In 
addition, an optimal press-?tting margin is selected. Experi 
ments shoWed that a press-?tting margin of 0.15 mm With 
respect to diameter aggravated the accuracy of the mirror 
portions 16a While margins of 0.06 mm and 0.1 mm reduced 
the aggravation and insured a good jitter characteristic. 
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Fourth Embodiment 

[0063] FIG. 10 shows a fourth embodiment of the present 
invention. The following description Will concentrate on the 
essential portion of the illustrative embodiment. In the 
illustrative embodiment, the closure member 17a is adhered 
to the cylindrical member by adhesive instead of being 
press-?tted on the same. As shoWn, adhesive 25 (indicated 
in black) is coated only on the surface of the cylindrical 
member 16 substantially perpendicular to the mirror sur 
faces 16a. The closure member 17a is adhered only to the 
above surface of the cylindrical member 16. The reference 
numeral 25a designates a recess for preventing the adhesive 
25 from ?oWing inWard in the radial direction of the 
cylindrical member 16. 

[0064] The adhesive scheme described above obviates the 
stress ascribable to press-?tting and thereby insures the 
accurate con?guration of the mirror surfaces 16a While 
maintaining a good jitter characteristic. Moreover, the adhe 
sive 25 intervening betWeen tWo parts of the same kind 
obviates a shearing force ascribable to thermal eXpansion. In 
addition, any irregularity in the thickness of the adhesive 
does not generate a stress tending to move the parts in the 
radial direction. The rotary body 3, not shoWn, is therefore 
stably balanced and maintains loW oscillation. 

Fifth Embodiment 

[0065] FIG. 11 shoWs a ?fth embodiment of the present 
invention. The folloWing description Will also concentrate 
on the essential part of the illustrative embodiment. In the 
illustrative embodiment, the closure member 17a is af?Xed 
to the cylindrical member 16 by threaded engagement. As 
shoWn, the closure member 17a and cylindrical member 16 
are tapped and diced, respectively, and affixed together at a 
portion 26. It is to be noted that tapping and dicing are 
effected in a direction that does not loosen the closure 
member 17a and cylindrical member 16 during rotation of 
the rotary member not shoWn. 

[0066] In the illustrative embodiment, the threaded portion 
26 is free from a stress ascribable to a difference in thermal 
expansion and is not loosened even at high temperature. The 
rotary body 3 therefore stably remains in balance and 
maintains loW oscillation. 

[0067] In summary, it Will be seen that the present inven 
tion provides a dynamic pressure, air bearing type polygonal 
scanner having various unprecedented advantages, as enu 
merated beloW. 

[0068] (1) Even When the compression stress of a shrink 
age-?tted portion varies due to high-speed rotation or tem 
perature variation, mirror surfaces are free from distortion. 
The mirror surfaces therefore maintain eXpected ?atness 
With high accuracy. 

[0069] (2) The mirror portion does not have to be posi 
tioned at a higher level than the top of a sleeve, Which is 
formed of ceramics, but can overlap the sleeve in the aXial 
direction. 

[0070] (3) A rotary body has a center of gravity not 
concentrating on the upper end side of the sleeve, but 
positioned at the center of a dynamic pressure, air bearing in 
the aXial direction. This frees the rotary body from notice 
able unbalanced oscillation. 
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[0071] (4) After shrinkage-?tting, there can be easily 
machined the inside of the sleeve and a reference surface 
used to form mirrors. 

[0072] (5) The air bearing formed of ceramics is loW in 
oscillation and noise and long life. 

[0073] (6) Machining oil does not remain betWeen the 
sleeve and a cylindrical member formed of metal, so that the 
assembly is easy to clean after machining. 

[0074] (7) A closure member is not loosened despite 
temperature variation, preventing balance and oscillation 
from varying. 

[0075] (8) The rotary body remains Well balanced even 
When temperature is high during high-speed rotation. 

[0076] (9) The rotary body is light Weight and can sharply 
start rotating at high speed. 

[0077] (10) An eXclusive groove for balance correction is 
not necessary, so that the assembly is simple in structure and 
loW cost. 

[0078] Various modi?cations Will become possible for 
those skilled in the art after receiving the teachings of the 
present disclosure Without departing from the scope thereof. 

What is claimed is: 
1. A polygonal scanner comprising: 

rotary body comprising a ceramic rotary sleeve and a 
metallic cylindrical member shrinkage-?tted on said 
rotary sleeve, said cylindrical member being formed 
With mirror surfaces constituting a polygonal mirror; 
and 

a dynamic pressure, air bearing for supporting said rotary 
body; 

Wherein said mirror surfaces overlap said rotary sleeve in 
an aXial direction of said rotary sleeve; 

a hole greater in diameter than said dynamic pressure, air 
bearing is formed in a top Wall of said cylindrical 
member, and 

said cylindrical member comprises a stress removing 
portion positioned betWeen said mirror surfaces and 
said rotary sleeve for removing a stress ascribable to 
shrinkage-?tting. 

2. The scanner as claimed in claim 1, Wherein said stress 
removing portion comprises an annular groove concentric 
With an inscribed circle of said mirror surfaces and over 
lapping said mirror surfaces in the aXial direction. 

3. The scanner as claimed in claim 2, Wherein said hole of 
said cylindrical member has a diameter substantially equal 
to or greater than an outside diameter of said rotary sleeve. 

4. The scanner as claimed in claim 3, Wherein said 
cylindrical member includes a protruding portion protruding 
above said rotary sleeve, 

a closure member substantially identical in a coef?cient of 
linear expansion as said cylindrical member is af?Xed 
to said protruding portion, and 

a magnetic bearing supporting said rotary body in the 
aXial direction includes a rotary portion af?Xed to said 
closure member. 
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5. The scanner as claimed in claim 4, wherein said closure 
member is press-?tted in an open end of said cylindrical 
member. 

6. The scanner as claimed in claim 4, Wherein said closure 
member is adhered to said cylindrical member only at a 
surface of said cylindrical member perpendicular to said 
mirror surfaces. 

7. The scanner as claimed in claim 4, Wherein said closure 
member and said cylindrical member are affixed to each 
other by being screW-threaded in opposite directions to each 
other. 

8. The scanner as claimed in claim 4, Wherein said 
cylindrical member is formed of metal Whose major com 
ponent is aluminum. 

9. The scanner as claimed in claim 2, Wherein a balance 
correcting member is added to said annular groove. 

10. The scanner as claimed in claim 1, Wherein said hole 
of said cylindrical member has a diameter substantially 
equal to or greater than an outside diameter of said rotary 
sleeve. 

11. The scanner as claimed in claim 10, Wherein said 
cylindrical member includes a protruding portion protruding 
above said rotary sleeve, 

a closure member substantially identical in a coefficient of 
linear expansion as said cylindrical member is affixed 
to said protruding portion, and 

a magnetic bearing supporting said rotary body in the 
aXial direction includes a rotary portion affixed to said 
closure member. 

12. The scanner as claimed in claim 11, Wherein said 
closure member is press-?tted in an open end of said 
cylindrical member. 

13. The scanner as claimed in claim 11, Wherein said 
closure member is adhered to said cylindrical member only 
at a surface of said cylindrical member perpendicular to said 
mirror surfaces. 

14. The scanner as claimed in claim 11, Wherein said 
closure member and said cylindrical member are affixed to 
each other by being screW-threaded in opposite directions to 
each other. 

15. The scanner as claimed in claim 11, Wherein said 
cylindrical member is formed of metal Whose major com 
ponent is aluminum. 

16. The scanner as claimed in claim 10, Wherein a balance 
correcting member is added to said annular groove. 

17. The scanner as claimed in claim 1, Wherein said 
cylindrical member includes a protruding portion protruding 
above said rotary sleeve, 

a closure member substantially identical in a coefficient of 
linear expansion as said cylindrical member is affixed 
to said protruding portion, and 

a magnetic bearing supporting said rotary body in the 
aXial direction includes a rotary portion affixed to said 
closure member. 
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18. The scanner as claimed in claim 17, Wherein said 
closure member is press-?tted in an open end of said 
cylindrical member. 

19. The scanner as claimed in claim 17, Wherein said 
closure member is adhered to said cylindrical member only 
at a surface of said cylindrical member perpendicular to said 
mirror surfaces. 

20. The scanner as claimed in claim 17, Wherein said 
closure member and said cylindrical member are affixed to 
each other by being screW-threaded in opposite directions to 
each other. 

21. The scanner as claimed in claim 17, Wherein said 
cylindrical member is formed of metal Whose major com 
ponent is aluminum. 

22. The scanner as claimed in claim 17, Wherein a balance 
correcting member is added to said annular groove. 

23. The scanner as claimed in claim 1, Wherein said 
cylindrical member is formed of metal Whose major com 
ponent is aluminum. 

24. Amethod of machining a polygonal scanner compris 
mg: 

a rotary body comprising a ceramic rotary sleeve and a 
metallic cylindrical member shrinkage-?tted on said 
rotary sleeve, said cylindrical member being formed 
With mirror surfaces constituting a polygonal mirror; 
and 

a dynamic pressure, air bearing for supporting said rotary 
body; 

Wherein said mirror surfaces overlap said rotary sleeve in 
an aXial direction of said rotary sleeve; 

a hole greater in diameter than said dynamic pressure, air 
bearing is formed in a top Wall of said cylindrical 
member, and 

said cylindrical member comprises a stress removing 
portion positioned betWeen said mirror surfaces and 
said rotary sleeve for removing a stress ascribable to 
shrinkage-?tting; 

said method comprising the steps of: 

(a) affixing said rotary sleeve and said cylindrical 
member by shrinkage-?tting; 

(b) machining an inside diameter of said rotary sleeve; 

(c) machining a reference surface for forming said 
mirrors; and 

(d) ?nishing said mirrors. 
25. The method as claimed in claim 24, further compris 

ing (e) press-?tting, before step (c) or (d), a closure member 
in an open end of said rotary sleeve. 


